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(54) Abstract Title 

lonisation detector, e.g. for alpha radiation 

. (57) To reduce capacitance effects in .detector, elpctrpd.es .108, arising due tp : mqvernen.t.j?f an iqnisatiqn ... 
detector loo relative to an item/location 102 being monitored, capacitance variations are rendered less 
significant by placing an electrically conducting grid 104 between the detector electrodes and the monitored 
location/item. Ions are formed in the detector as a result of alpha, beta or gamma radiation emitted from the 
location/item. 

Improved sensitivity and reduced noise signals arise as a result. The grid 104 may be grounded or at a 
potential intermediate those of the electrodes and the item/location. The detector shown is in the form of a 
hood, but the invention is also suitable for detectors for monitoring elongate items which are unsuited to 
complete enclosure in one go within a chamber. The items are monitored part by part as the pass through the 
chamber. A second detector can be provided to compensate for background radiation. 
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At least one drawing originally filed was informal and the print reproduced here ts taken from a later filed formal copy. 
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IMPROVEMENTS IN AND. RELATING TO ION MONITORING 

This invention , is ,. concerned with improvements in and 
relating, to don detectors., and particularly, but not exclusively 
to detectors in which the detector moves relative to the ion 
source. . Relative movement may arise, due to movement of the 
detector t and - / or . due to movement of. the ion source, for 
instance, due to passage of the item carrying the source through 
the detector.-.,. • 

The; . monitoring of. . alpha emissions from an item or 
location .is of particular significance during decommissioning, 
material accounting and a variety of other applications . 

■ The long range detection of alpha, emissions, indirectly, 
through. the monitoring: of air ions generated by the passage of 
alpha particles is known. The item believed to be carrying the 
alpha sources is placed, in, a container, the container 
completely enclosing the. item so as to exclude ambient ions. 
The,., ions., generated - by alpha, particles are attracted to 
electrode (s,) in the detector, system, and a_ current arises as a 

reSUlt . . O. , ■ : \r f.: ... . - . . 

The very small size of this current makes it prone to 
interference- from noise currents arising due to other variables 
in the system. Movement of the, .detector electrode relative to 
the source t of J the alpha part icles causes significant changes in 
the system capacitance and significant noise currents as a 
result. ...... 

The present invention aims to provide a detector system 
which: is far less prone, to .noise interference, even where the 
detector is actively moved relative to the source, for instance 
when-mounted on. a vehicular . survey system or, for instance, 
when an , elongate item is moved, through the detector during 
monitoring. - . - , 

• According, to a t first aspect of. . the invention 1 we provide 
•an instrument .for detecting ions originating from a monitored 
location, the instrument having a body portion and one or more 
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electrodes at an electrical potential relative to the monitored 
location, and one or 'more electrically conducting element (s) 
provided with one or more apertures, the element (s) being 
provided between the electrode (s) and the monitored location 
and further" comprising means to monitor ions : discharged on the 
elect rode (s ) . 

The element (s) are ^'preferably provided with a large 
number of apertures, for"'' instance" greater than 80% of .their 
effective area as ' apertures . Th^ element-may be in the form of 
a grid. A single metal element is preferred; 

The ' element (s) may' be planar". "'''A. "single" continuous 
element or a'" plurality '6f ' e laments : may be 7 provided. 

The element may be" : at a different potential to the 
location, including *i tern, 'being' mori'itored'. " The element may be 
earthed. " The ' element ;: may have ah' applied potential' or an 
electrostatic potential. 

The element may be provided across the' full' extent of the 
electrode (s) , or at least a ^substantial part' thereof. 
Preferably the configuration of this element 'mirrors- -that of the 
electrode (s) , for instance a planar electrode may be provided 
together with a planar element or grid. 

The element may be provided at a significant separation 
from the location /item to be monitor, for instance greater 
than 5cm, greater than 10cm and even greater' than 20cm. 

Equally the 'element may be provided -in proximity, to the 
location / 'item to be monitored, for instance less than -5cm and 
more preferably less than 1cm from the closest surface of the 
item. 

The instrument may be provided with a - plurality of 
detection electrodes The elect rode ( s) may be provided close 
to or away from the element. A continuous detector electrode 
may be used, such as' a plate 1 A discontinuous detector may be 
used, such as an apertured plate or grid. • ' * • 

Preferably an ' electrical' 4 potent ia'l : i's applied to the 
electrode (s) V Ah electr i ! c ; al ; potential ; may be provided 


electrostatically. The- potential, is, . preferably higher than 
that applied to the element. The potential of the element may 
be lower than that of the electrode (s) ., but higher than that of 
the, .location / /item.. .-.-The, .location / item and element may both 
be grounded. ; . - r : 

The' ions .. may. - be, ..attracted to . the electrode (s) 
electrostatically by the ...electric^ field.. . Alternatively or 
additionally/air flow within. the instrument from the location 
were ions /are. ^generated, Into proximity .with the electrode (s) 
may be promoted. A fan may be , us.ed. to promote .the movement of 
ions to the .-electrode (s) , - r ; : . ,-. v ., ... 

The -.electrode (s ; ) ..may., be. provided within a continuous 

- enclosure • with, ; a._eloseable opening, for, introducing the item to 
be monitored.;? ,. A support may be .provided within the enclosure 
for the item s.o as to maximise the surface area in contact with 
air, .Preferably means to . promote; -air flow around the item are 
provided-. Preferably the • air flow circulates within the sealed 
■enclosure, v . : , : . # . 

The electrode (s) ; may . p$ r jDrovicled . within ( an enclosure 
which is open to^ its surroundings, on at least a portion of one 
side. • The .enclosure .may be-in,the form of a hood with an open 
side. Such an enclosure is suited to monitoring large areas or 
.surfaces^!,-such.. as. floors and. walls.. . The .perimeter of the 
opening may be provided with a laterally extending; flange. The 
lateral extent of the flange, is preferably greater than the gap 
between the flange and surface. > An extent at least 5 times and 
more: preferably. 10 times is provided. Preferably the flange is 
provided around the opening. Preferably a planar flange, 
opposing, the surface to , be monitored is, provided. 

The : .location to be. monitored may be a surface, such as a 
wall/, .ceiling qr.. floor, including ..these of a building, room or 
vessel; or. a - surface - of. a , piece... of . equipment , such as a glove 
box, tank- .or : vessel.. r Monito.r f ing of open ground, rubble and 
/soil is possible. The location to. be monitored may be material 
passing the detector on a conveyor system. 
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The item to be monitored may be a piece of equipment, or 
a part thereof, such' as a pump/ pipe, beam, glove' box, tool, 
filter, cable, rod or the like/' 

The item / location may ' be placed within the instrument 
and/or placed agains t and /' "or" in proximity to the * instrument , 

Preferably the item / location is electrically grounded. 

The "item / location ; may be' moved' relative to the 
instrument,' for instance a' beam' on a '"roller bed 1 or soil on a 
conveyor belt and/or the instrument may be- moved • relative to 
the location / item, far "instance a ' vehicularised ■ instrument 
moved ' across a stretch 'of ground; " v: . -. 

The means for monitoring '• ion ' discharge . preferably 
comprises '"current" monitoring,' and"' more preferably current 
measuring means. The itie'aris for monitoring -ion discharge may 
comprise means for monitoring the ! remaining . electrostatic 
potential, such as surface charge monitors, - 

The "current monitoring' means is preferably an 
electrometer, most preferably the electrometer is- provided as 
a floating input electrometer. The electrometer may be 
provided as a ground ref er : ehced ;; 'electrometer 

An additional detector may be provided in^ the instrument 
to detect background ion -levels. The additional; detector may 
comprise ah electrode and an apertured element Preferably the 
additional detector electrode is 'separated from -the .electrode 
by a guard' plate." 

Preferably an equivalent* 1 potential Is --applied - to the 
electrode and 'the background electrode/ Preferably an 
equivalent potential 'is present for " ' the ir element . and the 
background element. " r 1 " ■■"=. ■ 

The ions may originate from the ■ location directly or 
indirectly/ Preferably" the* ; ions* are '■generated by alpha 
particles, most preferably alpha particles' ^emitted from 
material on or at "the"' location being -'monitored . 

According 'to a* second 1 aspect of ~the invention we provide 
a method of detecting ions originating from a monitored 
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locat ion, r . the method; , comprising ^providing one or more 
electrode (s) at an electrical r .potent ial relative to the 
• location so as to attract; .at least some of the ions to the 
electrode, and additionally providing one or more electrically 
conducting .element (s) with;, one or , more , apertures, therein to 
allow the. passage of % ions, .^between the .elect rocie (s ) and the 
monitored 1 location, .the .discharge, of ions on the electrode (s) 
being -monitored. ■ 

Other .- features, :,optipns, . .possibilities ^and details 
provided in the first aspect of ... the . invent ion and/or elsewhere 
in. this document; are ..included , in ..the .possibilities for the 
second aspect of the invention.,.,... . . . .. 

.According to * a- third .aspect . of .the invent ion we provide 
an instrument-, for. monitoring alpha .emitting sources on an item, 
the , instrument comprising a... detecting chamber defining a 
detecting volume, the detecting chamber being provided with an 
inlet- through which the item can be. introduced and an outlet 
through which,. ; the , .item leaves the . detecting . chamber, the 
detecting chamber, being provided .with one or more electrodes 
for collecting ions produced in the detecting volume by the 
portion . of the item in the . detecting volume, the r instrument 
further being provided with means, to monitor ions discharged on 
the electrode (s) . , 

,. In this way the monitoring of . items considerably longer 
than the detecting volume, and indeed the instrument, is 
possible . i ..... , 

The. detection . chamber may, be provided with one or more 
electrodes opposing . the portion of the . item "within the 
detection volume. A single electrode surrounding the portion 
of the item, is - preferred. . . . . .,, 

■' - .. The. electrode.(s) are preferably , configured to the cross- 
s.ect ional-. prof i le r of the item...being monitored. A cylindrical 
.electrode- may , be provided.,. ..most, preferably with its axis 
aligned -with the axis of -the item and/or instrument. 

An applied, preferably externally generated, potential 
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may be employed 'or an electrostatic potential may be employed. 

Preferably '"" the voltage • gradient between different 
portions of the elWctrode ( s) and - the' "portion of- the item is 
substantially constant for different portions of the electrode 
and of the item. ''' ' '■ ■ 

The detection chamber" may— be provided ' with one ;.or more 
pairs of opposing- detection- ~ 'electrodes . * Preferably the 
electrodes of a pair are provided ; such that ■ the : item passes 
between them. A potential difference between- the opposing 
electrodes' of ' a pair may be provided : r i : n -use . ? Preferably a 
potent ial 'difference ' between the : "i t em and a t least one of the 
electrodes -""is provided in' us^V 1 An- applied or electrostatic 
potential may be employed . ' - 

The chamber is preferably -provided' with an inlet and 
" outlet on a common axis / " cylindrical. The 

inlet and/or : outlet" may" be '"provided in the'- "end wall ( s ) of a 
right cylinder. ' ■ *■ • 

The' inlet ' and/or outlet may" lead to a further , chamber 
'externally' provided to the ' '-detecting chaiilber. The. further 
chamber (s) may 'be provided "wit'h an- -'opening : to the surrounding 
'environment; Preferably the' " further chamber ' aperture is 
axially aligned with the' aperture (inlet/outlet) into the 
detecting chambet. Most preferably the aperture of the inlet 
further chamber, the inlet to the chamber, the outlet from the 
chamber and the aperture 1 In : the outlet further chamber are all 
axially aligned. 

The detecting chamber may have an inlet closed to the 
passage of ions from outside the chamber to inside the chamber 
and/or an outlet closed to the passage of^ions 'from outside the 
chamber to insidte the chaitib'er . • : 

The inlet and/or outlet further chambers -may :have an 
internal 'configuration^ conforming to the external 

configuration of Jl the"" ~'i 4 tern: ' 1 A limited -' clearance , most 
preferably over a "S'agrii'ifi'cantf" les'hgth itvay 'tbe ; provided -between 
the internal surf ace' of 'the further chamber (s)'- ; and the -external 

t 

i 

( 


surface of the item. ,T,he .clearance may be less than 5mm and 
•more .pref erabl-y less than. 2mm.. The significant length may be 
. greater : . than 10cm and. more, preferably greater than 25cm. The 
length may be at leas.t, 5. ..times, more ...preferably at least 10 
times and ideally at , -least ,20.. times the min,imum clearance 
presented. 

: The detection chamber.., .may be provided with alternative 
means for excluding, ambient ions... . The atmospheric pressure in 
the detection , chamber may, be ..higher , than ..the ambient 
atmospheric pressure . 

The, means ..-for. x monitoring, ions., discharged on the 
electrode (s) s may comprise., electrostatic charge monitoring 
means.. - Preferably the, means for nipnitoring ions discharged on 
.the electrode (s) 5 comprise, current indicating means and more 
preferably ■ current. . measuring means.. A ground referenced 
electrode may,. be -provided. . . .. 

Preferably one or more of the electrodes is connected to 
an elect romebe.-r..., .- ; • . , . . - . . :j ; . f , >t •.. ... 

:, The . it.em^may. be . ^.-.continuous item of more than 5cm, 
preferably of more than 10m, .rtiore preferably, more than 20m and 
-potentially 50m. or more . in .length . ...... 

The item may be a discrete item such as a pipe, beam 
(such as an ,1 beam) , pole,, fuel, element , cladding, cable, wire, 
rail or other elongate or large item or a surface, such as a 
material, travelling on a. conveyor. 

The instrument may be provided with associate means for 
supporting the item and/or ., moying the item through the 
instrument. Such_means may be. provided on both sides of the 
instrument. : ; , j 

The instrument may be .provided .with means for supporting 
it .-on ..the item to.be monitored The support means may enable 
the instrument to be moved along and/or over, the item. 

;.Accor4.i-ng. c tp a fourth, a sp.e^t of the invention we provide 
a, method of monitoring alpha emitting sources on an item, the 
method comprising introducing the item through an inlet 
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connected to a detecting chamber in an instrument and removing 
the item through' an outlet" in the instrument, : the detecting 
chamber defining a 'detecting' volume and being provided' with one 
or more electrodes for' dischargirig ions produced in the 
detecting volume "by 'the portion of the item in- the detecting 
volume, the method including monitoring ions discharged on the 
electrode (s) . ' 

The item may be '"introduced' by moving "'the ' item into the 
"detector and/or by "moving' the detector' along ; the item. ' ■ 

'The fourth aspect Bf the J invention 1 includes the features, 
options and possibilities set out' - elsewhere- ' in this 
application, including the ; steps necessary to implement them. 

ft is " part icui'ari'y ' preferred that ; • the third or fourth 
aspects of the invention include' the' 'varidu'S' options, features 
and possibilities set out above for the electrically conducting 
elements "provided with one or mo : re ' apertures which "are provided 
between the electrode or electrodes ' -and the ^monitoring 

location. "~ - ' ' - • 

Various embodiments of the invention j "will now be 
described, by Way' of * "exiinpie' ' only, • and : "witB ^ref 3tence to the 
accompanying drawings'" in which': : : 

Figure 1 illustrates schematically a prior art 
alpha detection instrument; 

Figure' 2 illustrates : an instrument according to a 
first embodiment of*- the present invention; 

Figure 3 illustrates a second embodiment of the 
invention; ' ; ' "' 

Figure ; 4 : illustrates a' third embodiment- of an 
instrument According' to" the~ present- invention; •: ' 

Figure 5 illustrates the signal 7 expressed in 
equivalent alpha response against "time for a prior art 
instrument'' moved "'relative to ' the location- being 
monitored;' " ''•' :L '~' 1 r - ' "' '* 

""" Figure 6 "indicates'- : : the" : resu^t^' oh ' an equivalent 
basis ' to ' " thbs£' ; 'of l t i^ure 1 ' : 5 : : but ' : f6ir "ah '"'instrument 
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. according to the, present invention; ...... 

. Figure 7 illustrates the , results on an equivalent 
< basis to Figures 5 ; and . 6 but for an instrument according 
. ■_. to the present invention: at a higher rate of movement; 

Figure 8 . illustrates an instrument according to a 
further embodiment of the. present invention; 

. _ Figure -9 illustrates .a cross-section through Figure 
y « . 8 along., line . AA : ; and ......... 

•-. r.Figure ,10.. illustrates^ an instrument according to a 
still -further embodiment of the invention. 
The., monitoring,, pf , alpha., .and/or beta and/or gamma 
emissions, from a... location or item is of particular significance 
during .decommissioning, material accounting and a variety of 
other applications... An .accurate calculation of the level of 
contamination present enables the correct, decision to be taken 
in classifying, items. / locations, in terms of grade or the most 
suitable, decontamination process. 

Alpha^determination .for. . locations, such as f loors, are 
know^: in - : terms of the., type pf, instrument schematically 
illustrated In. Figure -.1 ... . ... . 

The instrument uses the principal that when direct alpha 
particle : detection is not practicable, detection of alpha 
particles emitted into air from the location can successfully 
be indirectly monitored. Whilst alpha particles only travel a 
few centimetres in air and, as a consequence, a detector unit 
at any distance from the item cannot detect alpha particles 
directly, during the course of their travel through the air the 
alpha part icles' cause- ionisation.. of a significant -number of air 
moiecu : les ; . These ionised 'molecules.. .-.remain, in., that ; state for a 
substantial ' period- of ■ time axvd.;. .this> -is. sufficient to.- enable 
them to be attracted / drawn., f rom <■ ijrx:/.prpximity, with the 
location -to- 'a? detector: array:. rsbi> - ? . v..^ 

• -Thus in* the -instrument o..f \FjLgu re l, a hood, style container 
2 is placed over a floor location.'. 4 : . to be monitored with the 
edge -3 -of' the container in •. ^contact -with the floor.. The 


container is open to the floor 4 and contains a detector array 
6 which employs an electric potential V p , from source 7, so as 
to attract the charged ions generated by alpha emission from 
the floor 4 to the plate of the detector array 6. The current 
resulting from these ions is detected by an electrometer 8 so 
as to give a measure of the' ion" level presence and hence the 
alpha contamination presence. 

To obtain an ; accurate reading- 1 it is- necessary to place 
such an instrument at the desired' location' and then wait for a 
significant period' of tfime' for - vibrations' -arising from the 
movement to settle : down.^' while - such systems function, 
therefore, 'they and a variety' of other instruments based around 
this principal suffer problems where the instrument is moved 
relative to the location' being monitored. ' The instrument 
and/or the location J may actually be move>d> but' the problem is 

the same in each case. 

Whenever a location, in a grounded' state, ■ moves relative 
to the detector array, at' an applied potential, capacitance 
changes occur which 'Effect ' the ' instrument's detection 
capabilities' through the generation of hi-gh noise levels. The 
problem is particularly acute for detectors of = the Figure 1 
type; those involving' systems in which ions are attracted 
towards an electrode by the application of an applied potential 
of opposing polarity. The capacitance changes result in a 
noise current, whose" value' is determined by the expression :- 

, ,. ... d§..,. .. d£ 

' J' e v 
... dt , dt - ( for constant V ) 

' -Since the capacitance of. the detector is directly related 
'±d the' -aistance"--.from^thre;,iel.ectrQde in ■ the detector to the 
grounded object,- variations in the distance cause a directly 
propoftiohal ; noise 'current;, t .•!.•*,> ... -.. ■ 

The problem is addressed, in the,,:present. invention by 
' 'providing ^h ^lectri^By "conduct ing.gr id; between .the electrode 
' of the'detectdr' and ^the ;item- •/ location.- -This, has ,the effect 
that the- relevant capacitance (for noise purposes becomes that 


of .the .. electrode and grid system. The spacing of these two 
components is far more ^consistent than between the electrode 
and the, object and the variation in capacitance and hence the 
noise current is greatly reduced as a result. 

The use of a grid, however, as opposed to a "solid plate, 
ensures, that the . ion collection/ necessary to' make the alpha 
particle level, determination, is not significantly hindered. 

...In the. embodiment of the invention illustrated in 1 Figure 
2 the. instrument 100 is held in close proximity to the" location 
102 to be monitored. So as to'exclude extraneous ions present 
in - the surrounding air as far as possible a' limited' gap r 'due to 
skirt, 103 is. provided. ... 

Movement : of the item 102 past the instrument : 100 or 
movement, of the instrument 100 along the item i 02" would cause 
capacitance problems with the prior art, but in this embbdiment 
a. grid 104 .is placed inside the volume defined by the 
instrument .. 100. The grid 104 is placed between the item 102 
and . the detector plate 108. The grid 104 'is^' electrically 
connected to the detector plate ip8. 

The detector plate 108 is "electrically connected to 
provide, an applied potential V p + V G due 'to : sourd£ 114 and 
source 116 through a floating input electrometer 112 . The grid 
104 is also electrically connected to provide a ~ lower applied 
potential V G/ due to source 116 alone, than that " for the 
detector plate .108. The item 102 is grounded. 

Alpha emitting sources present on the' item 102 emit alpha 
particles which in turn stop within the volume 1 05 below the 
grid^ 104 and. generate ions as they pass.' The applied potential 
electrostatically attracts the ions ' through the grid 104, into 
volume . 106 and hence to the detector plate 108 where they give 
rise to a .current. The .current is in turn detected by the 
electrometer 112 and the value is* used to' calculate'' tire level 
of alpha contamination present. 

. The grid 104 in this embodiment'' "is " positioned at a 
distance from the item 102 greater than' the penetration 
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distance in air of alpha particles, generally greater than 5cm. 
In this .way no alpha particles, only ions, reach' the grid 104. 

In the second embodiment of the invention, illustrated in 
Figure 3 a similar arrangement of instrument 100, item 102, 
volume 106, detector plate" 108 and applied potential V p from 
source 114 for the detector plate, together with an 
electrometer 1.12 are employed. * In this embodiment , : : however, 

the grid 104 is positioned in close proximity' to the surface of 
the : item 102 under consideration. Additionally the grid 104 is 
itself grounded. A system provided in this way -allows a ground 
reference electrometer to be used. 

Alpha emission sources' on the iteim 102 emit alpha 
particles, which pass through the grounded' ; grid 104 and enter 
the volume 106 between the grid 104 and detector plate 108 
where they stop and cause the lonisatibn which is to be 
detected. 

The item 102 could be a wall or floor of a building or 
construction or a piece of i and "'or soil. The rt em 102 under 
consideration in such systems could equally "well be a pipe, I- 
beam, pump or other piece" of equipment, "as described in more 
detail below. 

•The. third embodiment of the invention illustrated in 
Figure 4, as is possible for all of the embodiments described 
above, has been modified' to provide " a background cancelling 

instrument . ...... 

The .instrument 302 consists of an enclosure 305 defining 
a. volume 307 which is in proximity with the surface 303 to be 
monitored.. Limited clearance or other means are employed to 
exclude, as ... far as possible extraneous' ions' "present -in the 
outside air from .volume 307. 

The volume 307 contains a front detection' plate 308 and 
a... front grid 304 The /plate 308 is at a/ potential V P + ; V G due 
to sources 334, 336 and" the" grid 304 is' at a lower potential, 
potential T V G due to source 336 alone. 

The back volume 325 of the instrument is similarly 
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provided with- a back, detection plate 330 and a back grid 332 . 
Equivalent voltages to. V p + ^V. 3 and V 0 are applied to the 'back 
plate 33 and the back . grid , 332 respectively. "' A common 
potential source 336 is used in this regard for the grids 304, 
332, together .with a common potential source 334 for the 
detector plates 308, 330 and the ground plate 338/ 

....... Between, the two detection, plates 308, 330 a guard" plate 

338, to exclude location ions from the background count, is 
prqvided- mounted on . a mechanical support 339. 

The, plates 308, .338, 330 and grids 304, 332, are spaced 
by, insulators ,370 . , . 

Each detector, plate 308,. 330 is connected to an 
electrometer .312, 340 respectively, and a current reading for 
each detector is obtained as a result. The background, 
electrometer 340, can be subtracted from the item + background 
value, electrometer 312, to give an absolute item value using 
software 

The embodiments of the invention described above address 
alpha particle determinations but it is perfectly possible to 
incorporate gamma and/or beta detectors in such an instrument 
alternatively or additionally. The gamma detectors may be of 
the thick plastic scintillator type, sodium iodide type or 
semi-conductor type. Beta detection can be undertaken directly 
or alternatively by calculation from the gamma emissions 
recorded. 

To demonstrate the effectiveness of the ' technique 
presented by. the .present invention a plate detector in a hood 
container, was positioned at a spacing of 55mm from a ' surf ace, 
without. a grid, and one corner of the surface was moved at a 
rate, o.f 0.5mms~ 1 . 

The . results , obtained for the current signal, and Shown in 
Figure 5,. give a calculated limit of 'detection of 210 Bq due to 
the noise .present in the signal and generated" by* the^ movement . 

The. apparatus was then provided with an ' earthed grid of 
lcm squares, between the detector plate and the' source'. A test 


-1 4- 

with a 55mm spacing from the surface and a higher rate of 
movement/ lrams" 1 , gave the results "of Figure 6. The substantial 
removal of noise gave a limit of detection of 18 Bq. : ' 

A further test with a far higher level 6f movement, 
20mms~\, was performed (again us'ihg a gridded detector) and 
produced the signal results set out in Figure 7 / ; ' Even for this 
level of movement the limit of detection; i'49' Bq, was still 
significantly lower than for' the urigridded detectbr even at low 
movement . 

As previously ' discussed/ lorig ' range ' ' alpha " detection 
techniques based on detecting ions have' "previously been 
concerned with enclosures for areas or items to 1 be monitored . 
This renders them suitable for relatively small or flat items, 
but prevents the technique being suitable' for analysing longer 
it;ems which cannot practically be enclosed within the detection 
instrument in the manner of Figure 1, for instance. * 

To successfully monitor long items,' "including I-section 
beams and other elongate items, a detector "of ' the type 
embodying the invention is ' preferred/ ; as illustrated in Figure 
8. Such instruments preferably include the'' grid between the 
item being monitored and detector 'to ' reduc4 : -variation in 
capacitance and hence reduce noise iri the detector signal. 

The instrument 700 according to the "f irst " embodiment of 
the invention comprises an elongate central" portion 702 of 
cylindrical cross-section. ' The cylinder 7*02 is^ provided with 
end faces 704 which define apertures 706 lying oh the axis of 
the cylinder 702. The "apertures 706 allow the passage of an 
elongate .item to be measured through the cylinder 702. 

The cylinder 702 is itself provided wi th " a ' cy 1 indr ical 
electrode 708 spaced, and thereby electr icalTy insulated, from 
the cylinder wall 702, see Figure 9. The electrod'e has an 
known electric potent ial appl ied to 'and ' as "' a consequence ions 
.generated . in the cylinder 702 are drawn * away from ' the item to 
the electrode 708. The ions generated by alpha' emission from 
the. article and attracted * to the electrode 708 give rise to a 


current which can be measured using an electrometer , not shown. 

This monitoring, technique is. effective even during the 
continuous movement of. the , item through the instrument . 

. Capacitance of variations due tq. the rela.ti.ve movement of 
the detector electrode and item, , can .be mitigated to a very 
large degree., by. including. . a grid, not .shown/, between the 
electrode, 108:: and the • item /i ;.shown, in cross patching . . The grid 
may have: a. corresponding prof ile to. the electrode 708 and / or 
to -the' item. ■ ■ , . ;• : , , ; - , ;J : • ■ , { 

The above; embodiment . employs^ a, cylindrical electrode to 
monitor, preferably,-, -cylindrical; interns, -but; .th,e electro.de array 
can - be . configured -to t.he. particular : type of, item . under 
consideration. .Thus an I beam qros.s-section ,could £>e. monitored 
using electrodes spaced from the .end surfaces and closer 
together' electrodes space f rom ..the intervening . web . portion . 
Uniform spacing .from - the item; is. preferred.. 

'As ambient air' includes extraneous-, ions, of its own. it is 
desirable to "exclude .these, from, defection at the electrode 708 
to give a .truer, measurement, of ^ the . alpha particle generated 
ionisation. . The detection currents ; employed, are around . 10~ 12 A 
and as a consequence easily distorted by extraneous ions. 

In some prior . art systems featuring closed containers 
this was' readily achievable by a , f i-l.ter which closed off the 
air flow route into,? the,- container This, option, however, is 
not viable where the elongate -item exceeds. t the , length of the 
measuring - chamber . 7 02 thus rendering filters over .the air. inlet 
impractical.. . : .. t i ■ 

To physicaily counteract .this problem. . the. present 
invention provides for.-a further, b t ody portion 7 10 on each end 
of-'the cylinder: 702 These bpql ; y ; portions., 710 extend from the 
end faces 704 /of the cylinder-; 102. for substantial . length to 
en^ds: "7.1:2 o-fi ■ their own..-,- The aperture. 7.13.,. through the body 
portion 710; , which., allows access, for the , elongate item to be 
measured, takes a form closely configured to that of the item 


-16- 

itself, for instance a pipe (the item) passing down a slightly 
larger pipe (the inlet) .- • This* structure gives minimal air, flow 
and hence minimal flow of ions into the detection chamber. 

In an alternative form; hot shown, the ambient ions can 
be excluded by a slight positive -pressure within the* detecting 
chamber and/or' further chambers/ which promote air flow out of 
the instrument ,'' Other ''forms', *h : 6't shown,- exclude' ambient ions 
using an extended ^"strict'ech" -Clearance ; • between the 
itsem/ location and the ; inlet 1 and outlet passage/ -for, instance 
flexible air excluders,- ' such • as • brushe'sr may be provided. 

In a still further alternative form the "background" ions 
present in the air arourid the" unit : can be -determined in advance 
of the' item' s passage 1 through "the- ihstrdirvent :and/or .afterwards 
to provide "a"' base : 'count T which' can be ' deducted to give a 
measurement of : the ibhs'' ar'is ing" from alpha particle emission. 
Such"" background determinations could be • made- : with- a clean, 
uncontaminated ; item corresponding to those - to be analyzed . 

In the above mentioned- embodiments continuous- movement of 
the' item/iocation through the Instrument Is preferred. 

Whilst the : system has been- discussed in this embodiment 
in relation to a- fixed instrument through, which the. elongate 
item is moved, for instance on a conveying roller bed, the 
instrument is equally applicable to-the embodiment of Figure 10 
in which the instrument itself moves, ■ 

In this • embodiment an' elongate- item 200, for instance a 
railway r ; ail, ;: is being analysed by an instrument 202 fo.rmed of 
a first measuring cylinder portion 204 and air .excluding body 
portions 206, As with the first" embodiment of. ; the Invention 
the measuring cylinder 204 is provided with. : a * .cylindrical 
electrode 208' to detect ' :: 16hs generated \ by alpha particle 
emission whilst 'with in ; the cylinder 204 :\ \ «' : 

the ' entire" ins trum'ent is supported -on Lthe item- to be 
monitored' 2 00 by wheels 1 £i 2 1 which can 'be driven -to - .advance the 
unit alorVg' the i t'eir ^2O-0 . Signals - 3 f rom "the instrument 202 
relating to its ' position 7 ' ahd p the' level of * alpha detection are 
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sent to a remote monitoring unit, not shown. 

, ; ; Once again, this c . embodiment of the invention may also 
include a -grid, between the electrode 208 and the item 200 so as 
to .minimise capacitance .variation effects on. the detecting 
currents .: 

The embodiments of the , invention described, above address 
alpha particle determinations but it ..is perfectly possible to 
incorporate .gamma and/or. beta .detectors, in such an instrument 
alternatively or additionally , • Beta, detection can be 
undertaken directly or alternatively by calculation from the 
gamma emissions., •recorded . : - : • 

This type of. monitoring renders.. ,full. t analysis r of long 
items ( 10 metres +) possible^ whilst; avoiding : the. cost and 
practical difficulties of enclosing large items, and 
facilitating continuous fed; of ,. the , item .through the monitor. 
The instrument is suitable, .for items such as. cables, , wires, 
beams, pipes, rails, indeed any item or location having a 
conductivity .capable of carrying- . the currents involved. , 

The instrument also;, provides spatial information as to 
the location and/or spread of any. alpha emitting sources 
present . 
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C1AIMS : 

1 An instrument for' detecting ions originating from a 
monitored location, the instrument having a body portion and 
one or more electrodes at an electrical potential" relative to 
the monitored location, and one or more electrically conducting 
elements s) provided with'* one or moire apertures, the element (s) 
being provided between the elect rode (s) an* -the monitored 
location and' further' ^comprising ; irieahs r • to o monitor- ions 
discharged on the' electrode (s) . ' 

2- An instrument according to' ; -claain ' 1 in. which the 
element ($Y' are 1 : provided with greater than .80% of their 
effective area as" apertures". • * i : . 

3 , 'An instrument * -according' to claim 1 or claim. 2 in which 
the element is) are in 'the form of a grid. 

4. An instrument according' to any preceding .-claim in which 
the element (s) are at a'-'dif f erent ; potential 5 * to the location / 
item, being 'monitored'. 

5. An instrument according to any preceding claim in which 
the element (s) are earthed. 

6. An instrument according to any preceding claim in which 
the configuration of the element (s) mirrors that of the 
electrode ( s ) . 

7. An instrument according to any preceding claim in which 
the electrode (s) are provided within a continuous enclosure 
with a closeable opening for introducing the item to be 
monitored. 


8. An instrument according to any preceding claim in which 
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the electrode (s) are provided .within t an enclosure which is open 
to its surroundings on at least a portion of one side. 

9. ••• An . instrument . acco-rdin.g - to.- claim.,8 in, which the perimeter 
of the opening is provided, with .a laterally, extending flange. 

10. An instrument according to any preceding claim in which 
an .additional detector is provided .in the instrument to detect 
background; ion levels, the additional detector may comprising 
an electrode and an. apertured element ^ the? additional, detector 
electrode being separated .. frqir^ .the ..eleqtrQ.de by a guard, plate . 

11. A method of .detecting ions . originating, from a monitored 
location, . : the method . comprising providing one or more 
electrode (sO ■ ... at •.- an electrical potential relative to the 
location, so :a-s tp s - attract at le.^st some .of ..the. ions to the 
electrode, and additionally providing one or more electrically 
conducting element (s) with one or more apertures therein to 
allow the. -passage ©Jf. .ions., between . the electrode. (s) and the 
monitored ..location, . the- discharge . 0 f ions, on the electrode ( s ) 
being monitored. 

12', A method according to , claim . . 1.1. , in which the item / 
location is moved relative to the instrument. 

13. . A. method according.; to claim 11 in which the. instrument is 
moved relative to the location / item. 

14.. . An instrument for monitoring alpha -.emitting sources on an 

item,- . the ^Instrument : cpmprisin f g ; .-a detecting chamber def ining a 
;de:tect ing... volume,., the detecting, chamber, being provided with an 

inlet . through -.which- the. item .can be introduced and an outlet 
■through ...which , the it.^m leaves, . the, detecting chamber, the 
-detecting chamber being provided with one or more electrodes 

for collecting ions produced in the detecting volume by the 
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portion of the item in the detecting volume, the instrument 
further being provided 'with means t'o "-monitor ions discharged on 
the electrrode (s ) . 

15. An instrument'' according 1 ' to claim 14- in'-which the 
detection chamber' is' provided with' a single electrode 
surrounding the portion of the item. 

i'6 . ' An" instrument* according to claim' 14-' d r i claim 1«5 in which 
the ' £ iectrode ( s ) are 'con -figured ' to the-- c r b-s s - s ect i ona 1 profile 
of the ' item being "monitored -aihd 'thfe-axis ■ i : s- aligned ! with the 
axis of the item and/or instirliment • : - 

17 /' Ah instrument • according ,: to any ' of claims 14 to 16 in 
which the inlet and/or' outlet" leads" to a f1 further chamber 
externally provided' to the' detecting-" chamber, : the further 
chamber (s) being provided with- an opening -to the surrounding 
environment. - r ■ ... • 

18'. Ah' instrument according to claim ll-in- which the • inlet 
and/or outlet further chambers 'have an internal configuration 
approximately conforming to the external configuration of the 
item to define a limited clearance between the internal surface 
of the further chamber (s) and the external surface of the item. 

19, An instrument according to any of claims 14 to 18 in 
which detection!' chamber is -'higher than the ambient atmospheric 
pressure . 

20 i "A method of radnr toring alpha emitting' sources on an item, 
the method comprising" introducing the item "through > .an inlet 
connected ' to' "a detecting chamber' in an' instrument and removing 
the item 'through' r *in "''"dut'l'ert: Tn : 'th'e' ; instrument, the" detecting 
chamber defining a detect ing' volume and : being provided with one 
or more electrodes for 'discharging Tofts- ■ produced in the 


detecting;; volume by .the portion of tiff, item in the detecting 
volume/ the method including monitoring ions- discharged-oi>. the 
electrode (s) . 

»* 

21 A method according to claim 20 in which the item is 
introduced by moving the item into the detector. 

22. ; A., methQdtr. .according, to. ciaim .20. in which.. .the - .Item, is 
introduced by moving the detector along the item. 



The 

Patent 
Office 


Application No: 
Claims searched: 


GB 9910564.* 
1-13 


Examiner: 
Date of search: 


V J 


INVESTOR [N PEOPLE 

Martyn Dixon 
21 July 1999 


Patents Act 15>77 

Search Report under Section 17 

Databases searched: 


UK Patent Office collections, including GB, EP, WO & US patent specifications, in: 
UK CI (Bd.Q): HID (DGGX) ; 
Int CI (Ed.6): H01J (47/02,47/04); G01T (1/167,1/169,1/18,1/185) 
Other: Online: EPODOC,WPI,JAPIO 


Documents considered to be relevant: 


Category 

Identity of document and relevant passage 

Relevant 
to claims 

X 

GB 1090745 A 

(Bayer) see e.g. page 2, lines 59 et seq 

1,3,4,8,11 

X 

US 5184019 A 

(USA) see especially figs 1-3 and 11 

1-4,6, 
8,11,12 

X 

US 5059803 A 

(USA) see figs 1,3 and 5 

1-6,8,11 

X 

US 5053624 A 

(Kronenberg) see figs 1 and 3 

1-6,10,11 

X 

US 4859854 A 

(Femto-Tech) see fig 2 and col 4, lines 27-41 

1^,8,11 

X 

US 4740730 A 

(Riken Keiki) see grids 8,10 

1-4,8, 
10,11 


X Document indicating lack of novelty or inventive step A Document indicating technological background and/or state of the art. 
Y Document indicating lack of inventive step if combined P Document published on or after the declared priority date but before 
with one or more other documents of same category. the filing date of this invention. 

E Patent document published on or after, but with priority date earlier 
& Member of the same patent family than, the filing date of this application. 


An Executive Agency of the Department of Trade and Industry 


